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A method is prov.ded for regenerating cotton plants from explant tissue. The improved method allows the generation of embryogenic 
callus from a cotton tissue explant which is not cultivated on cotton initiation media having exogenous plant hormones. The method can 
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TRANSFORMATION OF COTTON PLANTS 

Field Of r.hp Invention 

This application relates to the field of plant 
5 genetics, in particular the transformation of cotton. 

BACKGROUND OF *P«TT INVENTION 

Cotton is a plant of great commercial significance. 
In addition to the use of cotton fiber in the production of 
textiles, other uses of cotton include food preparation 
with cotton seed oil and animal feed derived from cotton 
meal and seed husks . 

Despite the importance of cotton as a crop, the 
breeding and genetic engineering of cotton has taken place 
at a relatively slow rate because of the absence of 
reliable tissue culture methods capable of regenerating 
organized tissues, such as whole plants or shoots from 
cotton explants quickly or at a high frequency. Crop 
improvement is achieved with greater ease and rapidity when 
breeders are able to grow plant cells in tissue culture in 
such a way that whole plants, or portions thereof, can be 
rapidly produced from relatively high proportion of 
explants . 

The regeneration of whole plants from an explant 
25 involves several growth stages. Typically, a tissue 
explant, having been excised from an adult plant or 
germinated seedling, is placed in a chemically defined 
medium under sterile conditions. By growing the explant 
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under such controlled conditions for a period of time, an 
undifferentiated mass of cells, referred to as a callus, 
i.e., primary callus, may form. 

By culturing this primary callus, under the proper set 
of conditions, e.g., nutrients, light, temperature, 
humidity, and by providing the proper combination and 
concentration of plant growth regulators, the calli of some 
Plant species have been induced to generate embryogenic 
callus which, in turn, can be induced to form somatic 
embryos in a process known as embryogenesis . 

Somatic embryos are an organized mass of tissue chat 
is similar to the embryo in a seed. Embryos formed by 
somatic embryogenesis and embryos in the seed both have the 
capacrty to develop into a whole plant. The embryos formed 
by somatic embryogenesis are bipolar, containing meristem 
tissue at both root and shoot apices. Thus, upon the 
germination of somatic embryos, plant lets may be obtained. 

The plant tissue culture literature describes several 
techniques for the generation of cotton callus, both 
embryogenic and non-embryogenic . and the production of 
embryonic tissue from cotton callus. These early 
experiments typically used explants derived from cotton 
seedling hypocotyls and cotyledons, and sequential 
transfers to plates containing callus initiation media. 

Existing cotton somatic embryogenesis techniques have 
several shortcomings . The frequency with which 
embryogenesis occurs among the explants is typically low. 
Additionally, the techniques only work with a very limited 
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number of cotton cultivars. Furthermore, most existing 
techniques for cotton somatic embryogenesis require 
extended periods of growth, i.e., usually more than 4 
months, before somatic embryogenesis can take place. 
5 Several advantages would arise from having the ability 

to induce embryogenesis (and thereby begin the process 
towards whole plants) directly and expeditiously from 
cotton explants placed on callus initiation medium. These 
advantages include a reduction in the amount of time 
10 required to reproduce plants via clonal propagation. This 
would allow rapid generation of genetic diversity through 
somaclonal variation, the production of pathogen free 
stock, and the propagation of rare or difficult to 
regenerate cotton varieties. 

15 

Relevant Literature 

Price and Smith (1983) in Handbook of Plane Cell 
Culture, pages 487-510, provides a review of techniques 
used to obtain cotton calli. 

20 Davidonis and Hamilton, in Plane Sci . Letter (1983) 

32: 89-93 reports somatic embryogenesis in cotton. The 
embryos developed after two years of growing callus in 
media containing naphthalene acetic acid (NAA) and kinetin. 
The explant was derived from G. hlrsutum L. cotyledons. 

25 United States Patent 4,672,035 describes a method of 

regenerating cotton from G. hirsutum L. callus which has 
been first cultured in media containing naphthalene acetic 
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acid (NAA) and kinecin and subsequently transferred to 
second media free of NAA and kinetin. 

Shoemaker, ec ai . . Planc Cell ReporCs , {19Q6) 
181 describes cotton somatic embryogenesis from by calli 
5 derived from seedling hypocotyl explants of G. nirsutum L. 
grown on med.a containing NAA, kinetin. and adenine. 

Firoozabady ec al . , Pia nc Molecular Biology, (1987) 
10:105-116 describes the transformation of G. hirsutum L. 
seedling cotyledons by A. cumefaciens . Somatic 
0 embryogenesis is obta.ned from the calli derived form the 
transformed cotyledons. 

United States Patents 5,004,865. and 5, 159, 135 
describe methods of transforming G. hirsucum seedling 
hypocotyl by co-cultivation with A . tusnefaciens on media 
with hormones, auxins and cytokinins . 

Trolinder and Goodin. Plant Cell Reports ,1987) 5:231- 
234 describes the induction of somatic embryogenesis in 
calli initiated from seedling hypocotyls . The growth media 
used contained both auxins and cytokinins . 

Trolinder and Goodin, Plant Cell, Tissue and Organ 
Culture (1988) 12:31-42 describes somatic embryogenesis in 
calli derived from explants prepared from the entire embryo 
axis of G. hirsutum L. mature derived seeds. The media 
employed contains both auxins and cytokinins. 

Finer in Plant Cell Reports. (1988) 7:399-402 
describes the production of embryo from callus suspension 
cultures in which the calli have been derived from seedling 
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cotyledons of G. hirsucum L . The callus culture was 
established in a media comprising a synthetic auxin. 

SUMMARY OF THE INVEMTTOM 

The present invention provides a mechanism for the 
regeneration of cotton plants via somatic embryogenesis 
from expiants maintained continuously on culture medium 
which does not include growth regulating hormones. 3y 
comparison, when hormones are included in a culture medium 
with cotton tissue expiants, as usee in the prior art, 
cotton somatic embryogenesis is inhibited, or prevented in 
favor of undifferentiated primary callus formation. 

Through continuous culture on hormone-free medium, and 
in contrast to culture on medium containing hormones, 
embryos are produced more rapidly, and a higher percentage 
of somatic embryos (per explant) are obtained. 
Additionally, the present invention finds application not 
only in cotton cultivars of the Coker type, and cultivars 
descended from Coker types. The present invention also 
20 enables somatic embryogenesis among other (non-Coker) 

cultivars that are non-regenerators under existing " methods 
that include initial callus formation under conditions of 
hormone exposure . 

Somatic embryogenesis on hormone-free tissue culture 
medium may provide several other advantages, including the 
more efficient production of transgenic plants from Coker, 
and Coker derived, cultivars, as well as the production of 
transgenic plants from an expanded number of cotton 
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c-lciv-.. In one preferred menc cQtton ^ 
wh.ch are difficuit to regenerate by ^ 

are .nduced to produce ^ ^ ^ ^ *~ 
The invention provides regenerabie ^ - 

5 of the Stoneville 84-828 variety: 

The invention also provides a n,-^>, • 

iaes a "^onanism whereby 
issues which are di£ficulc co regfinerate ^ ^ 

technr^es may be lnduced co produce somatic 

one preferred embodiment leaf -issue ~„ k 
,„ t -issue can be used to produce 

10 embryogenic callus end so M[lc embryos. 

Another advantage „ this invention is in reduced 
labor costs, .eductions in lab or come from the reduced 

r" £raK -—n. wh ich lowers 

development costs o £ producing transgenic cotton cultivars 
" m tissue culture. 

A further benefit of the present invention is in a 
sxmplified method for screeninp cotton cultivars for 
regenerability. without multiple transfers of tissue 
following initiation. Under rh a „ 

20 be f • , • P nC meCh ° d results can 

20 be finalized in 12 weeks or less m „ 

* J-ess. m previous protocols 
usrnp medium with hormones, such a screeninp wouid retire 
at ieast one additionai transfer of primary caiius tissue 
to repeneration conditions, with up to 24 „ee k s necessary 

to complete the screening Relate 

g Re -Lative regenerability 

■5 indicates which of severai cotton cultivars can be used to 
efficiently produce transpenic plants, as well as how many 
explants are retired to attain a target number of 
regenerated transgenic plants. 
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The invention allows alternative means of 
transformation (such as bombardment) to produce transformed 
plants of recalcitrant cultivars, by using hormone-free 
culture to obtain embryogenic tissue of recalcitrant 
cultivars, then transforming the embryogenic tissue via 
bombardment. Heretofore, only Coker, Coker-like cultivars, 
and lines of previously regenerated (R1S1) cultivars, have 
been transformed efficiently, due to the inability of other 
cultivars to regenerate under the standard protocol 
(Agrobacterium transformation, followed by culture of 
transgenic tissue cn selective medium containing hormones, 
and plant regeneration on medium containing hormones, or 
substances with hormone-like effects (e.g., carbeniciilin) . 

Prior to regeneration by the methods of this 
invention, transformation may be achieved. Several plant 
cell transformation techniques are available, including co- 
cultivation with Agrobacterium tumefaciens, micropro j ectile 
bombardment or the like. In the case of co-cultivation, 
the co-cultivation media is also preferably prepared 
without plant hormones. 

DESCRIPTION OF THE FIGURES 

Figure 1 is a schematic representation of the prior 
art regeneration methods, by the use of hormones, and the 
hormone- free method for attaining somatic embryogenesis of 
the present invention. 
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figure 2 is a. graphical represencacion of showi 
th. effect of the ti,e of exposure of callus .nitration 
medium containing hormones on regeneration ^ 

A principa! feature o, the inventron is the use o< 
hormone free media to produce embryogenic callus direct , v 
fro, transformed ootton expiants . Cotton is defined to be 
Plant species belong.ng to the g enus Gossypinm. , nciudirg 
interspecific end intercultivar crosses. 

The tissue culture techniques presented ere the or^v 

tao„n techniques available for the generation of 

embryogenic callus and somatic embrvos -™ 

emoryos _rom cotton explants 

« culture without the appl ic a tion of exogenous olent 
growth regulators or hormones, such as auxins and 
cycoxinins. while prior art mechods _ ^ ^ 

somatic embryos from embryogenic tissue, it was previouslv 
felt that it was necessary to first culture the explant 
trssue on a primary medium containing hormones to induce 
the formation of undifferentiated callus and after a oe^iod 
of time to transfer this callus to through a seouence' c- 
pr.mary or secondary medium for a time sufficient to .„» 
the appearance of endogenic callus, after which the 
undifferentiated callus or embryogenic callus would be 
transferred to a secondary medium which does not contain 
hormones to encourage the formation of somatic embryos 
Tbe prior art methods have been unabie to regenerate, via 
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somatic embryogenesis. cultivars- of cotton other than Coker 
(and cultivars descended from Coker) . 

Figure 1 provides a comparison of the known method for 
obtaining somatic embryos from cotton, which specifies the 
use of hormones for attaining somatic embryogenesis in 
cotton, with the hormone-free method of the present 
invention. In the new regime, cefotaxime is used rather 
than carbenicillin as carbenicillin shows some cyotkinin 
like effects. 

One of the advantages of hormone free somatic 
embryogenesis is found in the reduced time for propagation 
of plants, as compared to known methods for callus' 
formation which require a substantial growth period on 
hormone containing media during the formation of non- 
embryogenic, or undifferentiated primary callus. The 
present invention provides methods for inducing secondary 
embryogenic callus rapidly from the explant, reducing or 
eliminating the formation of non- embryogenic callus. 3y 
rapidly inducing embryogenic callus the labor of 
transferring non -embryogenic callus through stages of 
primary medium is avoided, as there is no need to induce 
and maintain a large amount of undifferentiated callus 
while waiting for embryogenic callus to arise. 

A further advantage is the generation of embryogenic 
callus from a relatively high percentage of explants, and 
the more rapid formation of embryogenic callus. The 
presently disclosed method of somatic embryogenesis may be 
used with a wide variety of cotton cultivars, including 
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cultivars that have hitherto -esisced *rr 

-esiscea attempts co induce 

somatic embryogenesis . 

Hormone-free medium is more conducive co 
embryogenesis, and the regeneration of some varieties is 
now possible where regeneration by traditional means is 
very low or non-existent. Thus, the present system adds 
some varieties to the list of cotton which can be 
transformed and regenerated into plants. Expiants for use 
in the present invention may be derived from cultivars of 
cotton other than Coker. and Coker-derived cultivars. 

Somatic embryos have even been obtained from 
Stoneville 84-828,. a highly recalcitrant variety, 
indicating that this method is also applicable to a wide 
variety of cotton cultivars, including recalcitrant 
cultivars. By recalcitrant cotton cultivars is meant 
varieties which have not heretofore been amenable to 
somatic embryogenesis; i.e., cultivars other than Coker- 
type varieties. 

The ability to transform cultivars other than Coker 
types may reduce labor and time-frames for developing 
transgenic cotton of commercial quality, by reducing the 
necessary number of backcrosses necessary in breeding the 
resulting transformed plant to a desired variety, with the 
ability to achieve somatic embryogenesis in an expanded 
range of cultivars, including non-Coker cultivars, an 
■R1S1' (Regenerated once. Self ed once) strategy may be 
advantageously implemented for transformation of 
recalcitrant cultivars. An R1S1 strategy requires a broad 
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ranger of regenerate lity , and a higher regeneration 
frequency such thac many progeny of a selfed, regenerated 
plant may be obtained for any given cultivar. Increased 
somatic embryogenesis enables recovery of transgenic plants 
5 even from cultivars previously having a prohibitively low 
frequency of regeneration. 

The conducive nature of hormone free regeneration also 
means that cotton plant tissues which have not been 
commonly utilized for regeneration can be now be used to 
10 produce somatic embryos. Leaf tissue are one example of a 
cotton tissue which has heretofore not been utilized in the 
regeneration of somatic embryos. The method- is thus 
applicable to explants of numerous kinds of cotton tissue, 
including hypocotyl , leaf, root, petiole tissue and cotton 
15 embryos. Explant tissue is typically cut aseptically in 

order to avoid introducing bacteria or fungi into the plant 
culture media. 

In a preferred embodiment, explants for use in the 
invention are obtained from expanding leaf or seedling 
hypocotyl tissue. Other preferred tissue for explants 
includes any cotton plant tissue comprising meristematic 
cells, such as sections of root tissue and leaf petiole 
tissue. Hypocotyl, leaf and root tissue contain 
meristematic cells in the cambium of the vascular system. 
25 m both leaf and hypocotyl tissue it has been observed 

that callus formation appears to take place predominantly 
at the site of the vascular cambium. It has also be 
observed that in regeneration on hormone free medium callus 
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tends to form predominantly at one end of hypocotyl tissue 
with 80% to 90% of the callus forming a C the basal end 
(towards root) of the hypocotyl section. 

in experiments where. the apical merzstem is removed 
overnight prior to cutting of the explants. little or no 
regeneration is observed. On the other hand, when the 
apical meristem is left on hypocotyl explants, the explant 
has a tendency to form roots at the cut end, rather than 
embryogenic callus. Thus, hypocotyl explants for use in 
embryogenxc callus formation on hormone free medium 
preferably lack the ap 1C al merxstem region. 

Since the apical meristem of plants produces indole 
acetic acid (IAA,, also referred to as auxin, and IAA is 
transplanted downwards in the plane, it is possible that 
endogenous IAA plays a role in embryogenesxs of cotton 

plants on hormone free medium Plants 

fj.ants also proauce more 

»A in che dark than, ir. the li ghc . In experimencs where 

seedlings were grown variously in the dark and che . . ghc 

prior to cutting hypocotvi »vni a nr, 

yP yi explants, those explants taken 

from planes grown in the lighc regenerated somatic embryos 
ac a much lower frequency . In . preferred embodiment . 
Chen, cocton plants or seedlings are grown and maintained 
in Che dark, at lease for a period prior Co cuccing Che 
explants . 

After an explant is excised from che coccon plant, the 
explant is transferred Co solid plant cissue eulcure medium 
suitable for the formation of embryogenic callus. Many of 
Che basal salt/micrcnutrient solutions generally used in 
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plane tissue cultures may be used .to culture the explants 
derived from immature cotton embryos. Basal salt solutions 
that have been previously demonstrated to support the 
growth of cotton callus are preferred. The available 
literature, e.g., D. Evans, R. Sharp, P. Ammirato, and Y. 
Yamata, Handbook of Plant Cell Culture (series of six 
volumes) Macmillian Publishing Company: Vol. 1 (1983), 
Vol. 2 (1984), Vol. 3 (1984), Vol. 4 (1986); McGraw Hill 
Publishing Company, Vol. 5 (1990). and Vol. 6 (1990); and T. 
Thorpe, Plant Tissue Culture Methods and Applications in 
Agriculture, Academic Press, Inc. (1981), disclose several 
basal salt and micronutrient solutions suitable for the 
growth of cotton callus tissue in vitro. Preferred basal 
salt /micronutrient solutions include Murashige and Skoog 
medium, Linsmaier and Skoog medium, Schenk and Hildebrandt 
medium, and Beasley and Ting medium. Particularly 
preferred for use as a basal salt solution is TRM medium, 
i.e., Murashige and Skoog medium with, double KNO3 
concentration . 

The tissue culture medium to which the explant is 
transferred will not contain any plant growth regulators. 
The subject invention differs substantially from earlier 
techniques for cotton somatic embryogenesis with respect to 
the lack of such growth regulators in the culture medium. 
Previously demonstrated techniques for obtaining cotton 
somatic embryogenesis have required that hormones, 
particularly cytokinins and auxins, be included in the 
growth medium. The medium employed in the present 
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invention does not recruit-* rh a 

require the use or hormones, whether 

natural or synthetic. B y usino h™ 

using hormone free media as the 

primary medium,, there is a more rapid formation of 

embryonic callus than when hormones ^ ^ ^ ^ 

5 kinetin or 2,4 D are incorporated into the medium. 

In prior techniques such cvtokin^. c ^ 

cytokmins as 6-benzylamino 

purine (BAP) , 2 -isopentyladenine f2 i«» • • 

outline U-ip), Kinetin, 2-ip 

riboside and zeatin were commonly utilized for 
incorporation into the medium. Aujtlr . s c _ oinly 
for cotton tissue culture medium include synthetic and 
natural auxins, such as iaa. naa. 2.4D. ecc . 

The culture media used for the generation of 
embryogenic callus fro. emplanes contains a gelling agent 

to solidify the medium. Gellino 

veiling agents commonly used in 

IS plant tissue culture may he used in the culture medium 
employed in the present invention. Preferred gelling 

a g encs include the agar substir,,,.. 

suostituces sucn as Phytagel™ 

(Sigma) and GelRite® (Merck and Co. I. 

In a most preferred embodiment, GelRite® (Scott 

20 Laboratories, Inc.) -surdi,.-. 

-s utilized as tne solidifying material 

- the regeneration medium, rather than agar. m many 
Prior art regeneration methods a period of undifferentiated 
callus growth on hormone containing medium was used to 
successful grow primary cailus from the explant. in part 
due to the beiief that the wound response of the explant 
tissue produced guantities of phenolic compounds which 
would inhibit embryogenesis. When utilizing GelRite® 
there is an observed diminution of browning at the cut ends 
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of the explant, indicative of a reduction in phenolic 
compounds . 

The explants of this invention may be transformed by a 
variety of nucleic acid genetic constructs that are of use 
in genetically modifying plant cells. Transformation 
techniques of interest include co-cultivation with 
Agrobac cerium tumefaciens, microprojectile bombardment and 
silicon carbide fiber-mediated transformation, for example. 
The manner of transformation is not critical to this 
invention . 

DNA sequences of interest for transformation typically 
contain a nucleic acid sequence of interest fused to a 
regulatory sequence (promoter) capable of transcription or 
transcription and translation in plant ceils. Sequences 
for transcription and translation (expression) , will 
generally encode a polypeptide of interest. Polypeptides 
of interest may be polypeptides not naturally found in 
cotton cells or polypeptides naturally found in cotton 
cells. When sequences encoding polypeptides naturally 
found in cotton are present on a construct of interest, the 
promoter coupled with the sequence may be a promoter not 
naturally joined to the gene of interest. Polypeptides of 
interest include storage proteins, enzymes mediating 
herbicide resistance or pigment development, insecticidal 
proteins, mammalian regulatory proteins, plant regulatory 
proteins and cell wall proteins. Polypeptides for 
expression may also be modified so as to be targeted to 
organelles such as chloroplasts and mitochondria by means 
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of adding the proper signs! se ^ ence Qf 
interest mey also include nucleic acid se _ ces e 

anti-sense RNA. Uses for- »r,n 

uses for an tl -sense RNA include decreasing 

the expression of a gene and *-f« 

gene ana attenuating pathogen 

1 infections. 

Promoters of surest maybe eicher or 
inducible. Promoters m a y be expressed tou9hout the plw 
or in a tissue-specific manner. 

in addition, genetic constructs for transformation 
preferebly contain a seiectabie marKer capable of being 
expressed in the transformat.cn target cell and descendants 
thereof. Seiectabie marxers permit ceiis containing a 
construct with a seiectabie marxer to grow and divide ^ 
conditions that inhibit growth and repiication of ceiis 

lacking the selectable marker- a 

marker. A variety of selectable 

■narxers are xnown to function in plant cells, these marxers 

~y ^ used in the transformation of cotton cells. Genetic 

markers of inte^pcr ir-^i ^ 

' lnClude "sistance « G418. xanamycir 

bromoxynil. hygromycin. methotrexate, gentamyci. 

<gentamycin methyl transferase, . glyp hosace (Epsp ^ 
and ehlorsulfuron. As should be readily apparent . in ^ 
cases the polypeptide of interest may also be cepeble of 
functioning as . selecteble merxer. DNA sequences of 
interest may also contein vectors relevant to the 
Particular trensf oration technics to be employed snd.or 
nucleotide seances that permit the vector; or portions 
thereof, to be stebly meintained within transformed cells 



16 

SUBSTITUTE SHEET (RULE 26) 



^SDOCID: <WO 9712512A2> 



WO 97/12512 PCT/US96/16017 

Transformation of cotton by co-cultivation of 
Agrobacterium cumefaciens with Gossypiwn hirsucum L. 
cotyledon has been described by Firoozabady ec al . , Plane 
Mol. Bio. (1987) 20:105-116 and Umbeck ec al.. 
Bio/Technology (1987) 5:263-266. The transformation 
techniques described in Firoozabady ec al . and in Umbeck ec 
al. may be employed with the immature embryo explants of 
the present invention. 

When introducing genetic constructs by Agrobacterium 
cumefaciens co-culcivation, the DNA sequence of interest 
will preferably contain a T-DNA sequence, preferably a 
disarmed T-DNA sequence, to promote integration of the 
vector into the cotton genome. In particular, the use of 
at least a right T-DNA border region and preferably both a 
right and left T-DNA border region is preferred. 

Cotton explants may also be transformed by bombardment 
with microprojectiles coated with a genetic construct of 
interest. Details about the transformation of plant cells 
by microprojectile bombardment is described in generally 
available literature, e.g., Klein ec al . , Nacure (1988) 
327:70-73. Cells of the cotton explants chosen for 
regeneration by the present invention may be transformed by 
employing essentially the same bombardment techniques used 
to transform other plant cells. 

Embryogenic callus may be readily distinguished from 
the non-embryogenic callus, i.e., primary callus, on the 
basis of appearance. Embryogenic callus cells are usually 
small in size, cream-yellow in color, and organized into 
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embryo or pre-embryo . structures , whereas ori 

as P r imarv callus i c 

predominantly green or white and H i 

te dnd ^organized with large 
vacuolated cells. ge 

Embryogenic callus mav k= 
5 M] , ^ ^ SXC1Sed f ^m the priory 

3 callus on which it- ^>-r^~ a 

exceed d ■ ^se^enc ly he propagated for 

expended perrods of time either in ^ ^ 

» suspension tissue culture by CTploying „_ issue 
tecnnigues generally ^ ^ ^ ^ ^ 

when deseed. the « hryo . may be aii _ d M ' 
10 germinate, and form whole plants. 

In order to regenerate whole plant, somatic ern^cs 
-y - excrsed from em^ogenic callus and su.seg.entl, 
transferred to tissue culture arow,-h 

. , Ure growth meaium designed to 

-curtate the formation of roots by m ^ 

transferred to growth in soil „ hen desired 

*en regeneration is preceded o y transformation of 
-Planes with a transformation construct containing a 
selectable marker, the e^i^ 
> 0 in „. explants are subsequently cultured 

•0 ,n media either under selective pressure or not unde^ 
selective pressure fo , the marker present on the 

construction. m some cases th. 

CaSSS the sequence of interest can 
•Cw as the selectable marker. By selective 

Y seiectlv e pressure, it is 
_ -tended that the cells in culture he exposed to an 

' — — -c t or. usual!, chemical, that favors the 
growth and/or survival of cell = . 

S """"'"S «>e selection 
-r er. The level o£ ^ ^ 

—rent stages during the process of producing emhrvos 



18 

SUBSTITUTE SHEET (RULE 26) 



9712512A2> 



WO 97/12512 



PCIYUS96/16017 



from che explant. For example, an explant transformed with 
a vector containing a neomycin phosphotransferase may be 
placed on a low level selection media containing 5-75mg/ml 
kanamycin immediately after transformation and subsequently 
transferred to a high level selection media containing 75- 
200mg/ml kanamycin after embryogenic callus buds have 
formed. 

3y altering the timing and the level of selective 
pressure applied to the tissue in culture, it may be 
possible to exert control over the proportion of 
transformed cells present in the resultant callus. In 
general, the earlier in the tissue culture process the 
selective pressure is applied and the greater the selective 
pressure that is applied, the greater the percentage of 
transformed cells present in the callus. Selective 
pressure may be applied at one or more stages of the 
plant's growth. 

When explants suitable for the development of 
embryogenic callus are grown under conditions for the 
formation of embryogenic callus, selective pressure is 
preferably continuous, although alternatively it may be 
applied either before or after the embryogenic callus has 
formed once cells have been transformed. Selective 
pressure may be applied when the embryogenic callus is 
transferred to fresh medium. Similarly, selective pressure 
may also be applied after embryos are transferred to embryo 
pulse medium, or germination medium. Selective pressure 
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may 1m> be applied as somatic enfcryos are rooted and after 
embryos have formed whole plants. 

When co-cultivating with the present invention it is 
also not necessary that the explant be placed onto -feeder 
5 plates- . Feeder plates are petri plates containing 

initiation medium with cytokinin and a layer of tobacco 
feeder cells. With the present invention a sterile ^ter 
paper Whatman #1 is simply piaced over ^ ^ ^ 

callus initiation medium, which appears to function in 
10 keeping Agrobacterium growth to a minimum. 

The invention having been described, the following 
examples are offered to illustrate the subject invention by 
way of illustration, not by way of limitation. 

15 ExaiTOlffl- ^l^nr ^. r , 1 r r , n|1 

Coker 315 seeds were surface disinfected by placmg in 
50% Cloroxe ,2.5% sodium hypochlorite solut.cn) for 20 
minutes and rrnsing 3 times in sterile distilled wate- 
Following surface sterilization, seeds were germinated in 

*0 25 x ISO sterile tubes containing 25 mis 1/2 x MS salts- 
1/2 x B5 vica^ns: 1.5% glucose: 0.3% OelRite. Seedlings 

were germinated in the dark at 28V f„, -i ^ 

ai - ia c £or 7 days. Hypocotyls 

were excised from eight day old seedlings, cut into 0 5-0 7 
cm sections and placed onto sterile filter papers placed 
5 over a petri plate containing Callus Initiation Medium 

(CIM, without hormones. The components of CIM are provided 
in Table 1. 
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Table 1 

Concentrations Compound Source 



IX 


Murashige and 


Gibco 




Skoog Salts 




30g/L 


glucose 


Mallinckrodt 


100mg/L 


myo- inositol 


Sigma 


Img/L 


nicotinic acid 


Sigma 


Img/L 


pyridoxine HCL 


Sigma 


lOmg/L 


thiamine-HCL 


J . T . Baker 


1.87g/L 


magnesium chloride 


Sigma 


1.90g/L 


potassium nitrate 


Sigma 


4g/L 


GelRite® 


Scott Lab. , 



15 Inc. 

Hormone-containing medium ('CIM-3') is the same as 
provided in the above table, only it contains hormones at 
the following levels: 0.45HM 2 , 4D & 0.46|iM kinetin. 

20 

experiment 2: Embrvogenesis on Hormone F ree Medium 

Explant tissue was prepared as in Example 1 and 
incubated at 28+2°C, 30uE 16 hours : 8 hours light: dark 
period. Various explants were incubated on hormone-free 

2 5 medium, or on some combination of an initial period of 

incubation on CIM-3 followed by a transfer to hormone free 
medium . 

At 5, 7 and 9 weeks embryogenic callus was identified. 
Figure 2 illustrates the improvement in the percentage of 

3 0 embryogenesis fpllowing continuous culture on hormone free 

medium ('O'), compared to exposure for any length of time 
to a hormone-containing medium (CIM-3). 

In addition to the increased percent regeneration 
(embryogenic calli) by 9 weeks, the rapidity with which 
35 embryogenic callus formed was increased: 10% (10/100) of 
explants that were cultured continuously on hormone- free 
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median, had formed embryogenic callus by the time of the 
first observation at 5 weeks, * erBas none of che 
exposed co hor.one-contair.ing medium (or any length of time 
had formed embryogenic callus. After 9 weeks, only 2.5% 
(3/116, of explants exposed continuously to hormone- 
containing medium had developed embryogenic callus, 
compared to 46* ,46/100, of explants cultured continuously 
on hormone- free medium. 

Stonevillo ^ns 

Stoneville 506 is a recalcitrant cultivar which rarely 
undergoes somatic embryogenesis under conditions that 
include hormones. However, after 14 weeks of continuous 
culture on hormone-free medium. 2 embryogenic callus 
colonres were recovered from 53 hypocoty! explants of ST506 
.each explant was from a different seedling, . The re=overy 
of embryogenic calli from this recalcitrant cultivar was 
dependent upon the hormone-free culture regime, illustrated 
by the fact that no embryogenic callus was observed among 

420 explants that had been exooserf t- n k« 

exposed to hormone-containing 

medium for aS little as one day. or up to 14 weeks. 

Expert 4 - r^j,-,, ,„ f c ^^ r „ ^ r . 

Eight cotton cultivars were subjected to a screen of 
regenerability. At twenty four months cultivars ^ 

somatic embryogenesis on hormone containing medium, namely 
C130. C320. and Georgia King, had relative regenerability 
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on hormone-free medium, as a percentage of E - Callus formed> 
of 71%, 81% . and 58%# compared tQ callus foiTOed ^ 

continuous hormone-containing medium. The lowest 
regeneration occurred in cultures transferred after six 
weeks from hormone -containing medium to hormone-free 
medium. within a given culture regime and cultivar each 
explant was taken from a different seedling. 



10 



15 



20 



25 



The results are shown in Table 2. Results are given 
as number of E-calli/ number of explants (%) . 



continuous 



hormnnp 


hormones 


CULTIVAR 




C130 


38/90 (42%) 


C320 


25/90 (28%) 


GA King 


13/91 (14%) 


9358 


2/88 (2.3%) 


84-828 


0/91 


KC311 


0/89 


ST132 


0/90 


LA887 


0/90 



Table 2 

hormone initiation, continuous 

■jransffr CT hnmn new j rhmir 



22/120 (18%) 
23/120 (19%) 
7/118 (5.9%) 
1/119 (0.8%) 

0/115 

0/119 

0/120 

0/120 



36/120 (30%) 
27/120 (23%) 
10/120 (8.3%) 
3/120 (2.5%) 
2/120 (1.7%) 

0/119 

0/120 

0/115 



30 



35 



Explants under this regime were transferred once after 
four weeks onto fresh medium of the same composition, and 
were at that time reduced from 4 colonies per plate to 2 
colonies per plate. 

The regime designated 'hormone initiation, transfer to 
O hormone- included six weeks on MS salts, 3% glucose, 
0-45HM 2.4D and 0.46m* kinetin, followed by the remainder 
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of Che perio d on MS saUs nodified ^ 

K»03. 3, giucose. and no hoOTOnes Coionies _ 

period. weeK 

The regime designated . continuous withouc 

MS £alts modified fcy ^ • 

9lUC ° Se ' ^ "° h °™' under this regrme 

remained o„ .he initial medium at 4 coionies ^ 

were never transferred to £ resh medio,.. 

These results demonstrate and increased ^ 
regenerate certain recalcitrant cotr „„ 

£r «. ... C C ° C,:on v « le ties on hormone 

free medium. The 84-828 culti„^ <= 

Qn . u cultxvar termed embryogenic callus 

only on the continuous hormone-free regime. 

Jeriiwian* k. Prr R . 

y ngggnprarion Time 

Elapsed time from iniciation untu E _ canus 
was reduced by continuous culture on ho 

Tabl. i normone-free medium. 

Table 3 provides a summary of data t *i, 

hormo taKen at twe ^e weeks on 

hormone-containing medium 



Table 3 



Coker 320 
Coker 13 0 
Georgia King 
9358 
84-828 



continuous 
hormones 



1/90 
4/90 
0/91 
0/90 
0/90 



25 



hormones ( 6 
weeks ) then 
no hormones 



3/120 
7/120 
3/120 
0/120 
0/120 



continuous 
no hormones 



18/120 

33/120 

8/120 

2/120 

1/120 
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All publications and patent applications mentioned in 
this specification are indicative of the level of skill of 
those skilled in the art to which this invention pertains. 
All publications and patent applications are herein 
5 incorporated by referenced to the same extent as if each 
individual publication or patent application was 
specifically and individually indicated to be incorporated 
by reference . 

10 gXP5?T in^nt 6: Increase in Embrv ocrenesis 

Table 4 summarizes the experimental evidence from two 
separate trials that embryogenic callus regeneration for 
transformed cotton tissue is improved by culture which 
excludes exposure to exogenous hormones. 
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Table 4 




Transformation 
Protocol* 



With Hormones 
Without Hormones 



Number of 
explants 
initiated 



Number of 
kanamycin 
tolerant E-calli 
at 16 weeks 



24 (1,3%>_ 
1 08 (12.6%) 



Number of 
kanamycin 
tolerant E-caili 
_ at 20 weeks 



Trial B 



Transformation 
Protocol* 



Number of 
explants 
initiate d 
540 



Number of 
kanamycin 
tolerant E-caili 
at 1 6 weeks 




Number of 
kanamycin 
tolerant E-calii 
at 18 weeks 



m Che above table . che protocol , wich 

includes 6-10 weeks r,* ~ •-, 

weeks of explant culture on 

Mediu, with 0 . 45MM 2 4 _ D 

mm ^,4 D and 0.46MW kinetin. The Drotnrnl 
'Without Hormones- indicates cnn^ Protocol 
Reo contmuous expiant culture on 

Regenerat.cn. Medium, which does not contain h 
n«-v, contain hormones 

Both protocols used fra^** 

, „ transformation via Agrobacterium 

cumefaciens cocultivation and selection on * • 

ocxeccion on medium 

containing kanamycin. 

AiCh ou 3h the £oregoing invencion 

r \ 11 ^ " U1 ™^ - «~ «« Purposes^ 
- darx* of U „ders tanding , it win be ofcvious J ~~ 

c.r tai „ changes and modificatiQns ^ ^ ^ 
the scop, of the appended cl ai „. 
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CLAIMS 

What is claimed is: 



1. in a method for regenerating cotton plants from 
explant tissue, the improvement whereby embryogenic callus 
is generated from a cotton tissue explant which is not 
cultivated on cotton initiation media supplied with 
exogenous plant hormones . 



10 2 - The mec hod according to Claim 1 wherein said 

explant tissue is selected from the group consisting of 
hypocotyl, leaf, root, petiole tissue and cotton embryos. 

3 . The method according to Claim 2 wherein said 
15 explant tissue is hypocotyl tissue cut from a seedling 
which has been grown in the dark. 

4 • The method according to Claim 1 wherein said 
explant tissue is co-cultivated with Agrobacterium prior to 
20 regeneration on hormone- free medium. 

5. A method according to Claim 4 wherein said 
Agrobacterium comprises a DNA sequence of interest. 



25 



6- A method according to Claim 4 wherein said DNA 
sequence of interest comprises a selectable marker. 
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7. A method according to Claim 1 wherein said explant 
is transformed by bombarding said explant with particles 
coated with a DNA sequence of interest. 

8. A method according to Claim 7 wherein said DNA 
sequence of interest comprises a selectable marker. 

9 . The method according to Claim 1 wherein said 
explant comprises leaf tissue. 



10 . A method 



according co Claim 1 comprising further 

culturing said embryogenic tissue r« 

y yenic tissue to form a somatic embryo. 

11- The method according to Claim 1 wherein said 
15 explant comprises root tissue. 



12. A method for the transformation of cotton plants, 
said method comprising the steps of 

cutting cotton tissue to form an explant, 

co-cultivating said cotton explant tissue with 
Ayrohacteriua comprising a DNA sequence of interest, and 

culturing said co-cultivated explant on cotton 
initiation media comprising a selective agent and no 
exogenous plant hormones, 

whereby transformed cells are induced to produce 
embryogenic callus on said hormone-free selective media. 



9712512A2> 
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13. The method according to Claim 12 wherein said 
explant tissue is selected from the group consisting of 
hypocotyl, leaf. root, petiole tissue and cotton embryos. 

14. The method according to Claim 13 wherein said 
hypocotyl tissue is cut from a seedling which has been 
grown overnight in the dark. 

15. The method according to Claim 12 wherein said DNA 
sequence of interest comprises a selectable marker which 
permits said transformed embryogenic callus cells to grow 
on said hormone-free selective media. 

16. A method according to Claim 12 further comprising 
the step of culturing said embryogenic callus in the 
presence of said selective agent to form a transformed 
somatic embryo. 
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